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EFFECTS OF ORAL HEALTH IN RELATION TO FLUORIDATION AND 
SOCIOECONOMIC STATUS IN DEVELOPED AND DEVELOPING 
COUNTRIES  
OMER ELRAYAH 
 
ABSTRACT 
 
 
The rate of tooth decay has declined since the start of fluoridation in the United 
States. Fluoridation was initiated when evidence of fluoride’s ability to make teeth 
stronger and more resistant to acid was reported. Despite the benefits of fluoride, many 
researchers using inbred mice have shown that excessive amounts of this trace element 
leads to fluorosis and eventually skeletal fluorosis, which can lead to osteoporosis. 
            Interestingly, the downward trend in the rate of decline in tooth decay is also 
observed in various countries that do not participate in fluoridation programs, including 
both developed and developing countries. This decline is likely due to the high fluoride 
concentration within their natural waters in combination with improved oral hygiene care. 
Since excessive amounts of fluoride have been known to cause discoloring of teeth, 
decalcification of enamel, lower intelligence quotient, arthritis, osteoporosis, etc., it is 
also surprising that the United States consumes more fluoride than the rest of the world 
combined. 
Although fluoridation of water remains the most cost effective treatment for tooth 
decay in the United States its use has decreased, suggesting it may no longer be needed. 
To test the need of fluoridation a comparison of developed countries, which participate in 
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fluoridation, including the United States and the United Kingdom was made with 
developing counties that do not participate in fluoridation programs, such as Sudan, 
China, and India.  
Observations made from several studies and discussed here demonstrate that tooth 
decay is positively influenced by fluoridation but can also contribute negatively to 
fluorosis. Even though medical treatment is more advanced in developed countries than 
in developing countries, tooth decay still is a major health concern in both. Factors such 
as socioeconomic status and lifestyle behaviors are influential and need to be considered 
when determining the best approach to decrease tooth decay in communities. 
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INTRODUCTION 
 
 Despite the advancement of medical treatment throughout the years, dental 
health–in general–has been much overlooked. People express arrogant contempt for 
dentists compared to other health professionals, because they often assume dentistry only 
deals with cosmetics. On the contrary, however, dentists provide one of the most 
important aspects of healthcare, because they are often the first medical practitioners to 
spot the initial diagnosis. A recent study shows that over 90 percent of all systemic illness 
correlate with the oral cavity (Delta Dental, 2012). 
 Dentists are able to help prevent many chronic diseases, such as periodontal 
disease. Periodontal disease causes inflammation in the gums due to the presence of 
bacteria often correlate with development and/or progression of diabetes mellitus (Saini, 
Saini, & Sugandha, 2011). In fact, periodontal disease is listed as the 6th most common 
diabetic complication, however it is usually overlooked during diabetes management and 
screening, which only emphasizes the importance of routinely dental visits (Dunning, 
2016). Despite dentistry being the number one health care job, according U.S. News, 
individuals still do not fully comprehend what dentistry brings in the health industry 
(U.S. News - Money, n.d.). This can be better understood by looking at the high 
percentiles of individuals who suffer from tooth decay in both developed and developing 
countries. 
 By definition, a developing country is a country with a “slow rate of 
industrialization and low per capita income.”(Surbhi, 2015). In contrast, developed 
countries have an “effective rate of industrialization and an individual income” (Surbhi, 
 2 
 
2015). Sudan, China, and India are three prime examples of developing countries, 
whereas the United States, Canada, and the United Kingdom are three prime examples of 
developed countries (Figure 1).  One may question China’s economy status, however the 
Chinese government still classifies China as a developing country, regardless of its high 
economic status (CogitASIA Staff, 2014).  
 
 
 
Figure 1 Worldview of developed and undeveloped countries. This image 
shows which countries in particular are developed or undeveloped. As the image 
depicts, China is colored in orange color indicating it is still an undeveloped 
country. (Figure taken from Tes Teach n.d.) 
 
Despite the economic statuses, these countries still face the issue of dental decay. 
England for example, experienced a dental crisis in early 2016 when 46,400 children 
were admitted to hospitals for tooth decay (Bingham, 2016). The majority of those 
admitted were originally from Africa, Asia, and Central America, suggesting that dental 
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health is not practiced in these countries frequently enough. According to the Telegraph, 
dentists in the area expressed their concerns about these children, stating that they had 
“long periods without even seeing a dentist, or are ignorant of basic dental hygiene” 
(Bingham, 2016). Although the number of admitted children is alarming, the United 
Kingdom has faced an increasing rise of tooth decay yearly, implying that it is not just an 
issue when foreigners arrive. Rather, a problem within the country related to multiple 
factors, such as lifestyle factors. The high number of children admitted to hospitals also 
suggests that these developing countries lack the infrastructure to treat dental health or 
individuals are independent to treat it because of outside factors, such as naturally 
occurring fluoride in their waters. This is clear through a sequence of published reports 
that sometimes the factors that influence oral health are unregulated by individual’s 
controls. 
Through a series of reports done in developed and developing countries, tooth 
decay is still predominantly present in both regardless of the economic status of the 
country (Peres, Antunes, & Peres, 2006). However, a correlation has been noted between 
oral diseases and protective factors, such as exposure to fluoride, socio-economic status, 
and lifestyle factors. 
 
Specific Aims or Objectives 
Despite the vast improvement in health, dental issues such as tooth decay and 
fluorosis still persist in many developed and developing countries. Dental care often 
reflects the condition of one’s overall health. Many individuals, predominantly in 
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developing countries, do not recognize the importance of dental care mainly due to the 
countries’ lack of infrastructure and availability of dentists offering oral health services 
(Petersen, Bourgeois, Ogawa, Estupinan-Day, & Ndiaye, 2005). The lack of 
infrastructure and dentists within these countries support the research that compared the 
socioeconomic inequalities in oral health of married and unmarried Japanese women. The 
study concluded that poor oral health was seen with unmarried Japanese women and a 
correlation was found to be contributed with their education level (Murakami, Ohkubo, & 
Hashimoto, 2018). 
This literature review aims to explain the significant determinant for oral health 
by: 
● Discussing how cavities are formed 
● Discussing the significance of fluoridation  
● Discussing the levels of fluoridation between some developed and developing 
countries 
● Discussing tooth decay related between deprived and non-deprived citizens in 
developed and developing countries  
● Discussing how an individual’s lifestyle factors contribute to their oral health 
status 
This thesis hopes to promote awareness of the excess effects of fluoride on teeth, along 
with elucidating further the effects of socioeconomic status on one’s health. Although 
fluoridation has been widely used, its usage is still questionable and can only be 
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addressed with further research especially with countries that do not have a high rate of 
water fluoridation and/or topical fluoride usage.  
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PRESENTATION OF PUBLISHED RESULTS 
Fluoride’s Effect on Teeth  
Fluoride is a naturally occurring element in the Earth’s crust and is present in soil, 
rock, and water (Everett, 2011). The natural presence of fluoride varies between each 
environment, however, throughout the world higher concentrations of fluoride are 
correlated with ongoing geologic activities, such as uplifts or pyroclastic occurrences 
(Everett, 2011). The main source of fluoride is diet and from industrial processes, such as 
toothpaste. In fact, beginning in the 1940s, fluoridation of drinking water was considered 
one of the most important public health achievements of the 20th century in the United 
States due to its ability to decline tooth decay (Center for Disease Control and Prevention 
(CDC) 1999; Everett, 2011). 
The advancement of industrial processes has allowed scientists to better 
understand the development of tooth decay and how the mechanism of fluoride has a 
restorative contribution towards our oral health. Tooth decay is a process that 
demineralizes calcium and phosphate minerals from the enamel. When too much sugar is 
consumed, a net loss in minerals occurs which ultimately causes a cavity to form through 
demineralization (Figure 2) (Koenigs & Faller, n.d.). Demineralization occurs when 
sugars are consumed, which forms bacteria that produce acid on plaque. The acid then 
dissolves the calcium and phosphate minerals on the enamel into the dental biofilm. 
Eventually the acid is neutralized by saliva and the minerals return to the enamel surface, 
a process called remineralization (Figure 2) (Galal, 2016). Fluoride in the diet is very 
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beneficial to enamel as it has many restorative effects that allows the tooth to become 
more resistant to acid attacks from bacteria and may even reverse early tooth decay 
(WebMD, n.d.; ADA, n.d.). 
         
Figure 2 The dynamic process of tooth decay. This image depicts the process of 
demineralization and remineralization along with the effects of fluoride. (Figure 
taken from "Galal, 2016, slide 49") 
 
Enamel is mainly composed of hydroxyapatite, which is primarily composed of 
phosphate ions (PO4
3–) and calcium ions (Ca2+)(Koenigs & Faller, n.d.). Under acidic 
conditions, the minerals of hydroxyapatite are dissolved into the dental biofilm and as a 
result a white spot lesion is formed on the surface of the tooth. This white spot lesion on 
the surface of the tooth indicates low calcium and phosphate content and is detectable 
evidence of enamel demineralization (Roberts & Wright, 2009). In the biofilm the 
phosphate ions bind with hydrogen ions to form hydrogen phosphate in the saliva, which 
causes the hydroxyapatite crystal structure to dissolve and is shown on the right side of 
the image. As the level of pH returns to normal, recrystallization of the hydroxyapatite is 
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formed by the remineralization of the calcium and phosphate ions from the salvia, due to 
the natural buffer capacity of saliva.  
 Tooth decay occurs when the ratio of demineralization is greater than 
remineralization, thus they are not balanced. To minimize caries fluoride therapy is used 
to promote remineralization while slowing down the process of demineralization. When 
fluoride is introduced into the oral cavity it replaces the hydroxyl (OH-) ions in 
hydroxyapatite to form fluorapatite, which is seen on the left side of this image, in the 
tooth enamel (Koenigs & Faller, n.d.). Even under acidic conditions Fluorapatite is less 
soluble than hydroxapatite making it more resistant to acid attacks (Koenigs & Faller, 
n.d., p.). Therefore, fluoride supplements are given to patients to make the tooth more 
resistant to acid and to reduce the ability of the plaque to produce acid.  
Conversely, high exposures of fluoride can actually cause a form of tooth decay 
called dental fluorosis (Figure 3). Above certain concentrations, fluoride can be 
deleterious in causing physiological stress to the brain and liver (Everett, 2011). Excess 
fluoride mediates its actions through the MAPK signaling pathways causing cell stress on 
the endoplasmic reticulum (Everett, 2011). Stress on the endoplasmic reticulum causes 
misfolding of proteins, which signals the cell to go into apoptosis (Everett, 2011). 
It was shown that after further ingestion of excessive amounts of fluoride, over a 
long period of time, can lead to severe skeletal problems called skeletal fluorosis (WHO |, 
n.d.). This chronic condition occurs because fluoride can directly interact and accumulate 
in the bones (Everett, 2011). Initially this is used for preventive effects, however when 
excessive amounts are digested many symptoms will occur, which include, severe muscle 
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spasms, nausea, stiffness, pain in the joints, excessive saliva, and abdominal pain (Figure 
3) (WHO, n.d.).  
 
Figure 3. Dental Fluorosis. The condition of dental fluorosis is caused by 
excessive intake of fluoride, which ranges from mildly discolored white markings 
to severe staining of yellow-brown and damaged enamel as seen in the image. 
(Figure from Friedman, 2017).  
 
As discussed, fluoride is able to directly interact with the bone mineral matrix to 
form fluorapatite and increases bone mass. Although the mechanism is unclear, the newly 
formed bone lacks normal structure and strength (Everett, 2011).  The anabolic effect of 
increasing bone mass by fluoride is only seen in lower concentrations of fluoride. 
However, once excessive concentrations of fluoride are presented the enhanced bone 
mass is ceased. The high levels of fluoride lead to dental fluorosis and eventually lead to 
chronic skeletal fluorosis, which causes osteoporosis. Both acute and chronic fluoride 
exposure causes a loss of enamel surfaces (Figure 3). This is because fluoride directly 
targets ameloblast cells in the early-secretory and maturation phase (Everett, 2011). 
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Dental enamel is produced by ameloblast cells, which determines the shape and structure 
of the tooth (Bartlett, 2013). Before a tooth erupts, ameloblast cells undergo 
amelogenesis which helps mature the enamel rod (Bartlett, 2013) . Since ameloblast cells 
are present during tooth development, children are more prone to suffer a greater risk of 
fluorosis than adults (American Dental Association, n.d.). 
Recent genetic studies demonstrated that exposures of fluoride on inbred strains 
of mice can lead to disturbances of bone, enamel development, and changes in gene 
expression that leads to cell stress and eventually cell death (Everett, 2011). Humans and 
mice differ in their dental anatomy, because mouse incisors continually erupt (Everett, 
2011). Mice incisors are worn away as they erupt and the development of dental fluorosis 
does not stain the teeth brown like in humans. Experiments performed on mice have 
increased our knowledge in controlling odontogenisis, despite the genetic difference. 
(Everett, 2011). Mouse studies have provided significant amount of information related 
to human health, such as about cancers, obesity, atherosclerosis, etc.  
In order to compare the dental fluorosis of mice and humans, quantitative light-
induced fluorescence (QLF) is used to provide a score of dental fluorosis (Everett, 2011). 
The genetic study was performed on several mice strains to see fluoride’s actions on 
tooth development and how it can be affected by genetic backgrounds. The study 
involved the use of 12 inbred mice strains. Each strain was exposed to fluorine levels of 
50 part per million (ppm) in their drinking water for two months. All of the strains 
developed dental fluorosis, however, some were more sensitive than others. The mice 
were then categorized into three groups: resistant, intermediate, and sensitive, based on 
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the severity of their dental fluorosis. From the study, the 129P3 strain contained more 
fluorine in its bones, but was the most resistant to the development of dental fluorosis. 
Whereas, the A/J strain was the most sensitive strain and developed severe dental 
fluorosis (Figure 4) (Everett, 2011). In Figure 4, panel A, the control of 0 ppm Fluoride, 
was compared with panel B, which was given 50 ppm of fluoride. Panel B and D show 
the result of the QLF. As depicted in this image, the more severe the fluorosis the more 
sensitive the fluorescence was. The results from this experiment showed the detrimental 
effects of excessive fluoride on mice incisors. 
 
 
 
Figure 4 Dental fluorosis on A/J mouse strain. This experimental study tested the 
effects of fluoride on different mice strains for two months. In comparison with all the 
mice strains the A/J strain had the most severe fluorosis on its mandibular incisors. 
(Figure taken from (Everett, 2011) 
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This study was also able to provide new insight into fluoride’s physiological 
effects by utilizing the genetics factors of these inbred mice, which was able to determine 
fluoride’s effect on the development of tooth enamel (Everett, 2011). The experimenters 
focused on both the 129P3 and A/J strains, because they had different responses to 
fluorine. These two strains were then selected as parental mice and mated in a two 
generation cross (Figure 5). The F1 progeny were crossed using sister-brother mating to 
produce F2. While F1 mice were identical, F2 mouse were unique. This was due to allele 
rearrangement (Figure 5). F2 progeny were then exposed to 50 ppm of fluoride for 2 
months, and had different dental fluorosis severities among them. When observing the 
more severe mice strains they noticed a common genotype; they all lacked in 
chromosomes X, 3, 5, 7 or 9, suggesting that ameloblast cells were not present (Everett, 
2011).  
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Figure 5: Two generation cross to produce F2 progeny. The 129P3 strain, which is 
resistant to dental fluorosis, was crossed with the fluoride sensitive A/J strain. Their F1 
progeny were are all genetically identical, because half of their genome were inherited 
from each P1 and P2. The F2 progeny, however, composed of genetically unique 
individuals that were all affected with dental fluorosis. The severity of fluoride on the F2 
progeny developed nonfunctioning ameloblast cells. (Figure amended from Everett, 
2011). 
 
 
 
The study showed that the genetic background can modify fluorine’s actions and 
proved that excessive exposure of fluoride can be deleterious to some cells. The greater 
detrimental effects of fluoride are observed with immense concentrations levels. The 
Centers for Disease Control (CDC) recommends water levels to be fluoridated to 0.7ppm, 
at this level humans are safe from the fluoride’s harmful effects (American Association 
of Pediatrics (AAP), n.d.). Despite the differences in genetics, studies with mice are 
crucial to understanding genetic variations in tooth development. By understanding the 
129P3  A/J 
1st Generation 
2nd Generation 
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harmful effects, one is able to be aware of their consumption of fluoride. Unfortunately, 
government interventions play a role in the determination of fluoridation within their 
community, which does not really allow people to have much control in the amount of 
fluoride they consume.   
Fluoridation Levels of Water 
Water fluoridation is the process of adjusting the concentrations of fluoride in public 
waters to an appropriate amount that would be beneficial in reducing tooth decay (Essays, 
UK, 2013). Natural levels of fluoride in the United States range from 0.1ppm to more 
than 12ppm. A majority of the time deflouridation is required and occurs when the 
fluoride level exceeds the recommended limits provided by Environmental Protection 
Agency (EPA) (Essays, UK, 2013). Despite the benefits of fluoride, there has been a 
considerable amount of controversy regarding the use of fluoride in our public waters. 
Many sources say fluoridation is an outdated, ineffective, and unethical form of mass 
medication (Main, 2015). The reason being is that fluoridation is a form of medication 
that affects each individual consuming it. As a result, this form of medication is given 
without the individual's consent. The amount of fluoride consumed by each individual 
cannot be regulated as some professions may require their individuals to drink more 
water, such as laborers. People suffering from kidney issues are encouraged to drink 
more water, meaning their consumption of fluoride would exceed the recommended 
amount, resulting in fluorosis. High fluoride consumption not only leads to fluorosis, but 
is linked to bone fractures, thyroid disorders, and impaired brain activity. For example, a 
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study conducted in the Fall of 2012 found an association between high fluoride levels, in 
China and other countries, and intelligence quotient (IQ) levels of children. The study 
performed 27 different studies, of which 26 of them found a link between consumption of 
high levels of fluoride and a lower IQ level (Main, 2015). Those opposed to fluoridation 
argue that since toothpaste is available, additional fluoride in water is not needed. 
However, according to CDC, toothpaste alone is not enough, but rather they recommend 
that communities fluoridate water at a level of 0.7 ppm (AAP, n.d). Any less fluoridation 
puts the health of our teeth at risk. Since the dosage of fluoride cannot be controlled, as 
seen with the case in laborers, diabetics, and kidney patients, there is a risk for 
overexposure of fluoride.  
Multiple federal agencies, such as the Environmental Protection Agency (EPA), the 
U.S. Food and Drug Administration (FDA), the American Dental Association (ADA), 
and the Centers for Disease Control and Prevention (CDC), in the United States perform 
research and issue policies to improve the overall health of citizens. Within these 
agencies, the EPA sets the allowable limit for fluoride in public water and is responsible 
for monitoring its quality (Essays, UK, 2013). The FDA is responsible for approving 
prescription and over-the-counter fluoride products, such as bottled water, toothpaste, 
mouthwash, etc.  The ADA reviews fluoride products and the CDC conducts and 
supports health promotions and preventions (Essays, UK, 2013).  
To monitor the levels of dental fluorosis in the United States, the National Center for 
Chronic Disease Prevention and Health Control (CDC) conducted surveillances from 
1999 to 2002 (Beltrán-Aguilar, 2005). Their results show that 23 percent of people from 
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the ages of 6 to 39 have a mild dental fluorosis, however, disparities of percentages were 
noticed for those in different “racial/ethnic groups, lower education and income, and by 
smoking status” (Beltrán-Aguilar, 2005). With scientific evidence low concentrations of 
fluoride will be restorative towards our oral health, however it is especially beneficial to 
those having a low socioeconomic status (Essays, UK, 2017). Children in these low 
socioeconomic statuses have a greater risk of developing tooth decay, but fluoridation has 
proven to reduce decay and has been the most cost-effective way to protect oral health 
(AAP,  n.d.; Essays, UK, 2017). 
 Since the start of fluoridation, in Michigan in 1945, the United States saw a 35 
percent decrease in caries when observing children (Noda, 2016). Since its discovery, 
countries like Australia, United Kingdom, Canada, Ireland, and New Zealand all 
collectively fluoridate their water (Martin, 1989). However, according to the World 
Health Organization (WHO), tooth decay has also declined in other countries that do not 
fluoridate (Connett, 2012b). In fact, several countries that have not fluoridated their 
waters saw a lower rate of caries then those countries that fluoridate 60% or more of their 
waters (Table 1) (Connett, 2012b). Although fluoride has benefits on teeth and has been 
recognized as one of the top ten public health achievements of the 20th century, 
researchers have claimed that countries that opted against it would see detrimental 
effects, however there is currently no negative effects from not using it (Connett, 2012b).   
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Table 1. DMFT (Decayed, Missing and Filled Teeth) status for 12 year olds by 
country. The table shows several countries and compares their DMFT with whether they 
use fluoridated water or not (Table taken from WHO, n.d.). 
 
country DMFTs Year Status* 
Denmark 0.7 2008 No water fluoridation. 
No salt fluoridation. 
Germany 0.7 2005 No water fluoridation. 
67% salt fluoridation. 
England 0.7 2009 11% water fluoridation. 
No salt fluoridation. 
Netherlands 0.8 2002 No water fluoridation. 
No salt fluoridation. 
Switzerland 0.82 2009 No water fluoridation. 
88% salt fluoridation. 
Belgium 0.9 2009-10 No water fluoridation. 
No salt fluoridation. 
Sweden 0.9 2008 No water fluoridation. 
No salt fluoridation. 
Australia 1.0 2003-2004 80% water fluoridation. 
No salt fluoridation. 
Austria 1.0 2002 No water fluoridation. 
6% salt fluoridation. 
Ireland 1.1 2002 100% water fluoridation in study. 
No salt fluoridation. 
Italy 1.1 2004 No water fluoridation. 
No salt fluoridation. 
United States 1.19 1999-2004 64% water fluoridation. 
No salt fluoridation. 
Finland 1.2 2006 No water fluoridation. 
No salt fluoridation. 
France 1.2 2006 No water fluoridation. 
65% salt fluoridation. 
Spain 1.3 2004 11% water fluoridation. 
10% salt fluoridation. 
Greece 1.35 2005-06 No water fluoridation. 
No salt fluoridation. 
Iceland 1.4 2005 No water fluoridation. 
No salt fluoridation. 
New Zealand 1.4 2009 61% water fluoridation. 
No salt fluoridation. 
Japan 1.7 2005 No water fluoridation. 
No salt fluoridation. 
Norway 1.7 2004 No water fluoridation. 
No salt fluoridation. 
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It is very discernible to see in Table 1 that of the first ten countries with the lowest 
DMFT rates, seven have no water fluoridation programs, and England, Australia, and 
Ireland, fluoridates 11%, 80%, and 100% of their water respectively. It is noteworthy to 
discuss the use of fluoridated salt in countries that do not participate in fluoridating their 
waters. Since iodine was introduced to salt for its effects in reducing the incidence of 
goiter, in Switzerland in the early 1920s was a success (Marthaler, 2013). Gynecologist 
recommended to incorporate fluoride into salt because of its effects in preventing tooth 
decay. Several studies were initiated and concluded that when fluoride was added to salt 
it inhibited tooth decay. Following the success of water fluoridation, fluoride was 
introduced to salt in the early 1980s in Switzerland. Several other countries followed 
after, including Germany, Austria, France, Spain, Mexico, Colombia, Peru, and Cuba 
(Marthaler, 2013). From Table 1we see that currently 67%, 88%, and 65% of domestic 
salt consumed is fluoridated in Germany, Switzerland, and France respectively (Connett, 
2012b). This study concludes that salt fluoridation remains the cheapest method for 
improving oral health, which is very beneficial to communities with low socioeconomic 
status. 
Those advocating for fluoridated water assert that the decline of tooth decay is a 
result of the fluoridation programs. Correspondingly, the CDC published several articles 
(Figure 6), to support their assertion that the decline of tooth decay is a result of 
fluoridation (Connett, 2012b). Figure 6 shows the decline of DMFT teeth after the 
introduction of fluoride in the early 20th century. However, the CDC failed to mention the 
decline of DMFT in all western countries regardless of whether or not these countries 
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participated in a fluoridation program (Connett, 2012b). The decline in DMFT in all 
western countries, suggested by the WHO Global Oral Health Program, is a consequence 
of better oral health and nutrition practiced in these countries (ADA, n.d.; Evosera, n.d.). 
The decline of DMFT could also be explained by the effects of lead. The effectiveness of 
fluoride’s effect to be protective to our health sparked an interest in scientist to explore 
other trace elements. One trace element in particular, lead, was studied to see its effects 
on teeth, because it also accumulates in bones and is widely distributed in the 
environment from gasoline (Moss, Lanphear, & Auinger, 1999). Many ecologic and 
cross-sectional studies were conducted and concluded that lead was a risk factor to our 
health, which contributes to lead poisoning (Needleman, 1999).  Recently, Spain 
identified lead as a risk factor for dental caries and lead to many controlled animal studies 
(Moss et al., 1999). The results of these studies explained the how lead exposure lead to 
increase incidences of caries on animals.  Throughout the 1950s, the use of lead 
significantly declined and the EPA started discussing a ban on lead. In 1995, lead was 
banned and completely phased out of gasoline and paint (Needleman, 1999).  
Although many sources have identified the benefits of fluoride, it is still not clear 
whether fluoridation of water is a major reason for the decline of tooth decay when 
comparing the decay rate to non-fluoridated countries. As suggested, the decline of tooth 
decay in countries not fluoridating their water could be a result of better hygiene or the 
removal of lead from the environment. However, it is useful to make this determination 
based off whether oral health benefits continue once fluoridation is ceased. A few studies 
were performed using this idea, however there was no clear trend of results  (Evosera, 
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n.d.). Before these studies were performed the rate of tooth decay was high, however 
once fluoridation was ceased, “one study found no increase in tooth decay, three studies 
found a decrease in tooth decay, and one study found an increase in tooth decay” (ADA, 
n.d.; Evosera, n.d.). The study that found no increase in tooth decay was performed by 
Seppä  et al. (2000) and measured the consequences of oral health once fluoridation was 
discontinued. The city of Kuopio began fluoridating its water in 1959 and fluoridation 
was stopped by the end of 1992 (Seppä, Kärkkäinen, & Hausen, 2000). The DMFT 
values were low during the end of 1992 and significantly decline in 1995. Throughout 
these three years there was no indication of an increase in tooth decay after the 
discontinuation of water fluoridation. With that, the use of sealants also decreased (Seppä 
et al., 2000). Ultimately this study suggested that with such a decrease in tooth decay, 
after fluoridation was stopped, fluoridation of water was not necessary for everyone 
(ADA, n.d.; Evosera, n.d.).  
Three additional studies showed that there was a significant decline in tooth decay 
after fluoridation (Maupomé, Clark, Levy, & Berkowitz, 2001). In particular, one of these 
studies was performed in Plauen, Germany. After the discontinuation of fluoridated 
water, Germany experienced its lowest DMFT value in 40 years (Maupomé et al., 2001). 
Although there is still no definitive explanation for this observed DMFT level, they 
suggest it could be due to other preventative applications, such as fluoridated toothpaste, 
salts and the use of sealants (Maupomé et al., 2001).  Lastly, a study by McLaren et al., 
(2017) performed a comparison study with a cessation community and a comparison 
community. This study was performed over a short period of time among children in 
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second grade in two Canadian cities, Calgary and Edmonton. Calgary ceased its water 
fluoridation in 2011 as opposed to Edmonton which is still fluoridated (McLaren et al., 
2017). Over time it was observed that both cities experienced worsening in caries on their 
primary teeth. These observations were alarming because Calgary, the city that ceased its 
community water fluoridation, had better access to treatment than the city of Edmonton. 
This contradicts the statement made earlier when differentiating the reason for the decline 
of tooth decay in developing countries that do not fluoridate their waters. The worsening 
of caries, however, was only observed in primary teeth not permanent, which could be 
due to the short time of cessation when the data was collected from these cities (McLaren 
et al., 2017).  
Although the trends of the effects of fluoride varies between each study it is important 
to consider how effective it is in regards to its use globally, its effects on children and 
adults, and whether the CDC pushes fluoride based on a bias. In comparison to other 
community health measures, the worldwide use of childhood vaccinations is about 85% 
as opposed to a mere 5% use of fluoridation. If fluoride was so effective why hasn’t the 
world adopted the use (ADA, n.d.; Evosera, n.d.)? The low use of fluoride globally could 
be a result of the lack of evidence of its effectiveness. Over the past 50 years, this trace 
element was prescribed to children living in non-fluoridated areas as a supplement 
through their dentist, although it still remains an unapproved drug by FDA, because it has 
not been found to be safe or effective (Anderson, Stewart, & Thornton, n.d.; Burbach, 
2016; “evosera,” n.d.). In addition, no studies have yet to prove that fluoride is an 
essential nutrient to our health  (ADA, n.d.; Evosera, n.d.). According to the FDA, the 
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organization considers fluoride to be a therapeutic drug and not a nutrient, because no 
one is fluorine deficient and as a result, no disease state is linked to the lack of fluoride a 
person has (ADA, n.d.; Evosera, n.d.; European Food Safety Authority, 2013). Countless 
studies were initiated to test whether fluoride was an essential nutrient in the diet on lab 
rats. Specifically, a comparison study done on rats aimed to see how fluoride in their diet 
affects them over a period of 3 months. The study concluded that low fluoride levels in 
the bone of the rat with fluoride, however no harmful effects were detected (ADA, n.d.; 
Evosera, n.d.) . This finding suggests that fluoride was not an essential factor towards 
human development.   
In addition, fluoride’s effect differs with increasing age. Fluoride’s preventative 
effects tend to be higher in children rather than adults. In fact, the CDC reports that 
fluoride reduces tooth decay by 25 percent in adults as opposed to greater than 40 percent 
seen in children (ADA, n.d.; Evosera, n.d.). In contrast to what the CDC stated, two 
major fluoridation reviews, the York and Cochrane review published in 2000 and 2015 
respectively, found that there were no sufficient results to include any major reduction of 
tooth decay in adults in their study (“evosera,” n.d.; Iheozor‐Ejiofor et al., 2015; 
McDonagh et al., 2000). Their studies only involve the effectiveness of fluoride seen in 
children, which is reported to have decreased cavities by 35% which advocates the need 
to find an effective preventative measure to reduce the amount of tooth decay in 
adulthood as well. 
The CDC used a study from epidemiologist Janet Brunelle to determine the reduced 
effects of tooth decay by fluoride (Brunelle & Carlos, 1990; Evosera, n.d..). The 
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comparative study actually showed that children when exposed to water fluoridation 
programs in their community actually had an 18 percent lower DMFS, which is DMF 
calculated per tooth surface, than those living with non-fluoridated water. The DMFS 
score was then increased to 25% due to “background effects” from topical fluoride in 
industrial products (Brunelle & Carlos, 1990). Despite a relatively high effect rate, a 
DMFS score does not equate to the overall reduction tooth decay (Evosera, n.d.). The 
18% percent change was calculated by dividing the difference in DMFS surfaces from 
both communities participating in this survey (Table 2) (ADA, n.d.; Evosera, n.d.).  
However, to calculate the overall reduction of tooth decay one would find the difference 
of the DMFS scores of both communities participating and divide that percentage by the 
total tooth surfaces in the mouth, which is 128, thus given a percentage of 0.47% (Table 
2). The 0.47% signifies the overall reduction of tooth decay when comparing fluoridated 
communities to non-fluoridated communities  (ADA, n.d.; Evosera, n.d.). Based on this 
study, the methodology of fluoridated water proves to provide evidence for the reduction 
of tooth decay, however a 0.47% reduction rate is not significant enough to solely base 
the reduction just on fluoride.  
  
 24 
 
Table 2. Total Tooth Reduction Using Fluoridated Waters. The table shows results  of 
over 39,000 participants ranging from the age of 5 to 17 in 84 different areas in the 
United States  (Brunelle & Carlos, 1990).   
 
Area Average 
DMFS 
Percent 
Change 
Tooth 
Reduction % 
Fluoridated 2.79 18% 0.47% 
Unfluoridated 3.39 
 
 
Brunelle and Carlos aimed to compare the difference between DMFS scores of 
fluoridated and unfluoridated areas in the United States and calculating a percent change 
of 18% and overall reduction of tooth decay of 0.47%. The CDC still sites proof of 
Brunelle's study as a means to prove the effectiveness of fluoride on oral health, however 
they often use the 25% percent change instead of the 18% when submitting publications 
(“evosera,” n.d.). Despite the large sample size, a 0.47% reduction rate is not enough 
evidence to determine the responsibility of the decline in tooth decay, seen in the United 
States, solely based on the effects of fluoridation of water.  
 
 Sample Calculations (taken from Evosera, n.d.): 
 
𝐴𝑣𝑔 𝐷𝑀𝐹𝑆 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑓𝑙𝑢𝑜𝑟𝑖𝑑𝑎𝑡𝑒𝑑 𝑎𝑟𝑒𝑎: 2.79        𝐴𝑣𝑔 𝐷𝑀𝐹𝑆 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑢𝑛𝑓𝑙𝑜𝑟𝑖𝑑𝑎𝑡𝑒𝑑 𝑎𝑟𝑒𝑎: 3.39 
 
1. Determining the percentage change: (divide the difference of areas by highest value) 
3.39 − 2.79
3.39
=
0.6
3.39
= 0.177 𝑥 100 = 17.7%
= 18% 𝑝𝑒𝑟𝑒𝑐𝑒𝑛𝑡 𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑓 𝐷𝑀𝐹𝑆 𝑠𝑐𝑜𝑟𝑒 
2. Determining the overall reduction in tooth decay rate (divide difference of DMFS by 
total surfaces in mouth, 128.) 
3.39 − 2.79 = 0.6 ÷ 128 = 0.00468 𝑥 100 = 0.468% =
0.47% 𝑓𝑒𝑤𝑒𝑟 𝐷𝑀𝐹 𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝑠 𝑖𝑛 𝑓𝑙𝑢𝑟𝑜𝑖𝑑𝑎𝑡𝑒𝑑 𝑎𝑟𝑒𝑎𝑠  
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DISCUSSION 
In order to see the effects of fluoridation it is necessary to evaluate data from 
countries with fluoridation programs and correlate this declining tooth decay in 
developing and developed countries. Throughout this discussion, data from both 
developed and developing countries will be discussed. Each country’s data on type of 
fluoridation program, caries incident, and incidence of fluorosis will be evaluated.  Table 
3 shows the fluoride concentration levels in the United States, United Kingdom, Canada, 
Sudan, China, and India. The developed countries: The United States and The United 
Kingdom fluoridate their waters from 0.7-1.2 parts per million. While those in 
developing countries, such as Sudan, China, and India, do not fluoridate their waters due 
to naturally occurring fluoride in water.   
 
Table 3: Fluoridation Levels by Country. *Naturally occurring fluoride concentration 
in the Nile river ranges from 0.02 to 3.55ppm. The overall average fluoride concentration 
was found to be around 0.34ppm. **In China, fluoridation of water is banned. It is 
banned because of naturally high fluoride levels already in their waters and due to serious 
problems with fluorosis. ***Water fluoridation is not practiced in India due to naturally-
occurring fluoride, which is also seen in China.  
 
 
Countries Fluoridation Levels (ppm) 
United States 0.7-1.2 
United Kingdom  ~1pm 
Sudan 0.34* 
China Banned ** 
India Not Practiced *** 
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The United States  
A majority of the studies and surveys provided in this thesis were only conducted 
within the United States, however it is interesting to note that the concentration levels of 
fluoride in the United States alone exceed the amount the rest of the world consumes 
(“Fluoride Action Network | Countries that Fluoridate Their Water,” n.d.; Media, 2014). 
This is noteworthy, because naturally occurring fluoride concentrations in the United 
States’ surface water does not exceed 0.3 parts per million ("AAP", n.d.). The CDC has 
recommended fluoride concentrations in community waters, ranging from 0.7 to 1.2 ppm, 
in hopes to increase caries prevention while limiting fluorosis (CDC, 2001). These 
optimally adjusted concentrations have reduced the prevalence and severity of dental 
caries in the United States by nearly 30 percent (CDC, 2001). But, even with the decline 
in caries over the years, caries are still the most common chronic childhood disease 
(Bagramian, 2009).  
Children ranging from ages 5 to 17 years old are seven times more likely to 
develop caries than asthma and fever (Bagramian, 2009). In the United States, over 50 
percent of children ranging from ages 5 to 9 years old have experienced a caries or any 
form of dental restoration. This percentage increases to about 78 by the time these 
children turn 17 (Bagramian, 2009). A total of 94 percent of people age 18 and older have 
experienced caries in their permanent teeth (CDC, 1999). These proportions also increase 
when dealing with children living in low socioeconomic status (Bagramian, 2009)  
This is very concerning, because fluoride has been shown to be a preventative 
factor for caries, yet, even after the decline it is still very common in children. Most 
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individuals living in the United States support fluoridation of water within their 
communities. However, recently the rate of fluoridation has slowed compared to when it 
was first introduced (CDC, 1999). This suggests that either dental caries are no longer 
perceived as a health concern, or fluoridation is no longer necessary (CDC, 1999).    
Dental caries will likely continue to be perceived as a health concern, because 
when left untreated it can lead to pain, abscess formation, malnutrition, destruction of 
bone, and spreading via the bloodstream (CDC, 1999).  In order to document whether 
fluoridation is necessary it is helpful to review trends  in dental caries data in other 
countries that do not fluoridate their waters and see whether or not these countries 
experience any fluorosis.  For instance, in comparison to Western Europe, 97 percent of 
the population drinks non-fluoridated water (“Fluoride Action Network | Countries that 
Fluoridate Their Water,” n.d.; Mercola, 2015, Page 49). Since the start of fluoridation, the 
United States, alongside other countries that do not fluoridate their waters, saw a decline 
in tooth decay (Figure 6).  
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Figure 6. Tooth Decay in Fluoridated and Non-Fluoridated Countries. Graph of 
countries that fluoridate their waters (bottom) compared to those that do not fluoridate 
their water (top), a majority of which are in Europe. It can be observed that since the 
1970s leading up to 2010, tooth decay has been significantly decreasing even without the 
use of fluoride. (Figure taken from Connett, 2012c)  
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The CDC conducted a study in 1999 till 2004 measuring the prevalence and 
severity of dental fluorosis in American citizens. The CDC reports that the prevalence of 
dental fluorosis was found to be higher in adolescence than in adults (Beltrán-Aguilar, 
Barker, & Dye, 2010). When compared to a previous study, taken in 1986 to 1987, the 
study found higher percentages of adolescents effected by dental fluorosis. Another study 
conducted during 1999 through 2004 used people whose ages ranged from 6 to 49 years 
old (Figure 7). Within this age group 60.6 percent were unaffected with dental fluorosis.  
However 16, 4.8, 2, and less than 1 percent experienced very mild, mild, moderate, and 
severe fluorosis respectively (Beltrán-Aguilar et al., 2010) . The remaining 16.5 percent 
had questionable fluorosis.   
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Figure 7. Dental Fluorosis Among Individuals Ages 6 to 49 in the United States. 
Prevalence of dental fluorosis by age group in the United States. Those whose ages were 
40 to 49 had a prevalence of 8.7 percent as opposed to the younger age groups, which 
ranges from 28.4 to 40.6 percent prevalence. The higher percentages were within the age 
groups of 12 through 15 and 16 through 19. When compared to the 6 through 11 year 
olds, this could be a result of them still developing their permanent teeth, such as 
premolars and second molars that usually erupt later in childhood. (Figure taken from 
(Beltrán-Aguilar et al., 2010) 
 
 
From this data, younger individuals presented with a higher prevalence of dental 
fluorosis, which makes sense because they are still developing new teeth (Figure 7).  It is 
evident that there is a rise in dental fluorosis in adolescents, before the start of water 
fluoridation the United States rarely had any occurrences (“Fluoride Action Network | 
Dental Fluorosis,” n.d.). A chart made by the CDC shows the average fluorosis rate of 
12-15 from the past 60 years (Figure 8) (Beltrán-Aguilar et al., 2010). 
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Figure 8. Increasing Fluorosis Rates in the United States. The figure shows an 
increase of about 400 percent in regards to the rise of fluorosis in the past 60 years. 
During the 1950s, only 10 percent of children experienced very mild fluorosis. However, 
overtime not only did the prevalence of fluorosis increase, but so did the severity. (Figure 
taken from Beltrán-Aguilar et al., 2010).  
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The increased rate of fluorosis suggests that individuals consume more fluoride 
than the recommended amount, which could be a direct effect of the many industrial 
products that contain fluoride as an active ingredient. Normally our kidneys would 
excrete 50 to 60 percent of fluoride consumed daily while the rest accumulates in our 
bones ( Pea and the Pod Chiropractic, 2015). Overtime if too much fluoride is consumed 
skeletal fluorosis would be the outcome.  Although the CDC reports that 41 percent of 
individuals ages 12 through 15 in the United States suffer from fluorosis, a few studies 
have reported unprecedented levels of up to 70 percent in some fluoridated areas 
(Beltrán-Aguilar et al., 2010). The rise of fluorosis throughout the years suggests that it 
may be impacted by socio-economic status, as fluorosis is more common in African 
American children (“Fluoride Action Network | Dental Fluorosis,” n.d.). The rise of 
fluorosis could also be a result of lifestyle factors that evidently effect our health, such as 
obesity, which negativity correlates with our oral health.  
In contrast to these studies on developed countries, it is useful to see the 
prevalence of fluorosis in developing countries, such as Sudan, China, and India. This 
comparison would provide further evidence of fluoride’s effects. 
Sudan 
In Sudan, the Nile River is the major source of water for communities, agriculture, 
and industrial compounds especially when the precipitation season is low (Ibrahim, 
Affan, & Bjorvatn, n.d.). The Nile River’s fluoride concentration fluctuates between 0.2 
to 3 ppm, however, reports over 1ppm have been recorded from previous studies when 
the Nile River’s water level is low. Individuals living outside of the capital city 
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Khartoum, or the Nile River region depend on ground water, which has a higher 
concentration of fluoride (Ibrahim et al., n.d.). Despite this statement, no further testing 
has been conducted to measure the concentration of fluoride in Sudan’s ground water.  
Dental fluorosis was first acknowledged in Sudan in 1953, when a group of analytical 
scientists observed kids near the Butana desert. The group measured the concentrations of 
fluoride in the communities’ drinking water, which ranged from 1.1 to 4.0 ppm. After 
examining the area, they found that the prevalence of dental fluorosis was 60.6 percent. 
The group performed more experiments and concluded that individuals would be safe 
when the fluoride level in their waters was less than 0.8 ppm (ref). Despite this 
conclusion, the group of analytic chemists were unable to understand why another area 
experienced fluorosis with only 0.65 ppm of fluoride concentration in their waters. In 
1966, the concentration of fluoride reached 5 ppm in Omdurman, Sudan. Omdurman is 
the second largest city in Sudan after the capital. This finding lead to a study comparing 
fluorosis in adolescent boys and girls in Omdurman. Fluorosis was observed in 64 
percent of boys and 50 percent of girls in Omdurman, as opposed to only 4% in 
Khartoum (Ibrahim et al., n.d.). This was result was conflicting because both cities, 
Omdurman and Khartoum, use the same water source. This suggested that certain areas 
within the Nile River region contained higher amount of fluoride.  
  To test this, an experiment was performed by the Faculty of Dentistry, in University 
of Khartoum, Sudan and the Faculty of Dentistry, in University of Bergen, Norway to test 
the concentration of fluoride in water areas in Sudan. Water samples were taken from 55 
different wells in different areas of Sudan. These areas include, Gezira, Kordufan, 
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Northern, Red Sea, and Khartoum. The samples of water where then sent to the 
University of Bergen, Norway to be analyzed using a fluoride ion selective electrode 
(Figure 9).   
 
Figure 9. The Basic Structure of a Fluoride Ion Selective Electrode. Ion-selective 
electrodes are an inexpensive instruments that are capable of measuring potentials, which 
can then be used to determine the concentration of an analyte (Tissue, 2000).  
 
 
 
The ion-selective electrode consists of two electrodes and a sensitive milli-volt meter 
that displays the potentials in mV ((Nico 2000, 2014). The two electrodes include one 
electrode, called the external reference electrode, with a fixed potential value. While 
other electrode is referred to as the analyte specific electrode or ISE, with a potential that 
is related to the concentration of the analyte (Tissue, 2000). The anaylte specific 
 35 
 
electrode contains an ion selective membrane that is sensitive to only the ion of interest 
(Tissue, 2000).  
Lanthanum Fluoride (LaF3) is the ion-selective membrane in a fluoride ion-selective 
electrode (“How Ion-Selective Electrodes Work,” 2014). The membrane is doped with 
Europium Fluoride (EuF2), “which produces holes in the crystal lattice through which F 
ions can pass”. The negative F ions diffuse through the LaF3 membrane until an 
equilibrium and electrostatic force repulsion between is reached. Once equilibrium is 
reached, the Ag/AgCl internal reference electrode, which is connected to the voltmeter, 
forces the negative ions to the sensitive milli-volt meter to be measured (Nico 2000, 
2014) 
Table 4 provides the fluoride contents of the 55 different wells, which ranged 
from 0.08 to 3.55 ppm (Y. Ibrahim et al., n.d.). Due to the fluctuating concentration of 
fluoride in the Nile River, another study was performed examining children in two 
villages Treit el Biga and Abu Groon, which are located around the Khartoum area (Y. E. 
Ibrahim, Affan, & Bjorvatn, 1995). Treit el Biga’s water contained 0.25 ppm fluoride 
concentration, while Abu Groon’s fluoride concentration was ten times higher at 2.54 
ppm. This study was performed using a total 113 children from the villages, their ages 
ranging from 7 to 16 years old. According to the World Health Organization, this 
examination was carried out by one person who examined all the children (Y. E. Ibrahim 
et al., 1995).  
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Table 4: Fluoridation Concentrations According to Regions in Sudan. Table from 
(Ibrahim et al., n.d.).     
 
 
Region Mean of fluoride (ppm)  Sample Number 
Collected 
Kordufan 0.27 13 
Rea Sea Area 0.28 5 
Gezira 0.34 21 
Northern Area 0.40 4 
Khartoum Area 0.46 12 
Overall Average  0.35 55 
 
Very severe dental fluorosis was found in all children from Abu Groon, while 
mild to moderate dental fluorosis was found in 91 percent of the children from Treit el 
Biga (Ibrahim et al., 1995). The high percentage of fluorosis found in Treit el Biga, 
despite its low fluoride concentration, signifies that fluorosis is determined by the daily 
intake of fluoride. This is documented in studies where adolescent boys have been shown 
to have a higher percentage of fluorosis than adolescent girls, because in Sudanese 
traditions the boys tend to be more active participants of outdoor activities than the girls 
and thus consume more water (Table 5). The high amount of fluorosis in Treit el Biga 
also indicates that other sources containing fluroide may have contribute, such as 
toothpaste, seafood, and tea. Despite the high percentage of dental fluorosis, skeletal 
fluorosis has not yet been documented in Sudan (Ibrahim et al., n.d.).     
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Table 5: Severity of Fluorosis in Both Villages by Age In this study 113 children were 
examined, with their parents’ consent. 55 and 58 children were selected in Treit el Biga 
and Abu Groon respectively their ages ranging from 7 to 16 years old. (Table from 
Y.Ibrahim et al., n.d.) 
 
 
The children of Treit el Biga and Abu Groon were grouped and monitored for a 
year and after were scored based on their degree of fluorosis. A mean score of 0 to 4 were 
used to measure the degree of fluorosis where 0 represented mild fluorosis and 4 
represented severe fluorosis. Although young age are susceptible to fluorosis, these 
values can greatly increase during the teenage years as shown in the boys in both villages 
(12 to 16 years old). This can be explained through the greater amounts of physical 
activity the boys will engage in, encouraging more consumption of liquids that contain 
fluoride. 
China 
Throughout the 21st century, few reports were documented in China analyzing 
tooth decay among varying age groups in their communities. Test were conducted in the 
years of 2001, 2002, 2005, 2007, and 2008. The study in 2001, assessed the dental decay 
in Guangdong Province, China. The study focused on the DMFT index in children. 
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DMFT studies have been used for almost 65 years and remains to be the most common 
method for assessing dental caries among communities (Broadbent & Thomson, 2006).  
The 2001 study was conducted on 1587 children, ages 5 through 6 years old, and 1,576 
children, whose age were 12 years old (Bagramian, 2009). The DMFT index for younger 
children was approximately 84 percent as oppose to 42 percent in the older group. The 
DMFT index was noted to be higher in rural areas for both age groups. Although the 
older group had a lower percentage of DMFT in 2001, the study conducted in 2002, 
analyzed 140,712 individuals, their ages ranged from 5 to 74 years old, by the National 
Survey of Oral Health in China, showed that the older group experienced a higher 
number of root surface decays (Bagramian, 2009).  
The Bagramian 2009 study examined 957 young children and over 60 percent of 
the children suffered from dental decay and the results from 2005 were very similar to the 
those in 2007; where 2,014 young children were examined and 55 percent suffered from 
dental decays. Both studies showed that more than 10 percent of the children had rampant 
caries, suggesting that not everyone has the same access to dental care, something even 
developed countries experience as well (Bagramian, 2009). 
The most recent study, conducted in 2008, examined over 350,000 individuals, 
their ages ranging from 5 to 74 years old (Bagramian, 2009). This comparative study was 
able to show the regression of oral health within the country. The study concluded that 
there was no improvement in dental decays in children for the past 10 years. It also 
showed that in adults, ages 35 to 44 and 65 to 74 years old, had more common and 
increased decays and less restorations. Based on the results from 2008, more adults have 
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been affected by tooth decay and despite this, less restorations were seen within this 
larger sample size (Bagramian, 2009). These results demonstrate that  in general less 
individuals seek oral care, and / or practice for their oral health prevention.  
China experiences naturally occurring fluoride in their waters, ranging from 0.25 
to 7.97 ppm (The British Fluoridation Society, n.d.). The Chinese government considered 
participating in fluoridation programs, however in the 1980s the government decided to 
ban fluoride after high incidents of dental and skeletal fluorosis were observed within 
their communities (Pea and the Pod Chiropractic, 2015; Milman, 2013).  
China began selling fluoridated toothpaste and saw a decline in tooth decay, 
however, they also saw an increasing trend in the prevalence of dental fluorosis (Si & 
Zhang, n.d.). The increased occurrences of fluorosis resulted in the first national oral 
health survey in 1983. The survey consisted of more than 350,000 student participants, 
their ages ranging from 7 to 17 years old, coming from 29 different provinces within 
China. The results showed a range of 0 to 70 percent experiencing fluorosis (Si & Zhang, 
n.d.). This inspired a second study to be conducted in 1995, which involved 11 provinces, 
looking at different sexes and residential areas.  
Si & Zhang in 1995 consisted of an equal amount of male and female participants 
in urban and rural areas of China who were 12 and 15 years old. The study concluded that 
all 11 provinces experienced very mild to moderate levels of fluorosis, however there was 
no specific trend in regards to fluorosis in residential areas. But in one rural area, 
Tientsin, experienced over 16.2 times prevalence of fluorosis than the other 10 provinces 
observed in this survey (Table 6). When analyzing the fluoride concentration in Tientsin, 
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it resulted in a large range from 0.5 to 5 ppm, as opposed to less than 1 ppm seen in the 
other provinces. This indicates that the prevalence of fluorosis is associated with the 
concentration of fluoride in that area.  The study concluded with all 46,910 participants 
experiencing a form of fluorosis. The findings of these results were very similar to 
another study conducted in 1997 measuring fluorosis (Si & Zhang, n.d.). The similarities 
between the studies indicate a lack of improvement and recognition done to improve oral 
health and care within these areas in China.  
Table 6. Prevalence of Fluorosis in Urban and Rural Areas in China. This table 
depicts the percent of occurrences of fluorosis in children, who are either 12 or 15 years 
old living in urban and rural provinces in China (Table from Si & Zhang, n.d.). 
 
 
 
No clear trend is apparent in Table 6 however, the majority of fluorosis 
prevalence occurs in rural areas in China. This could be a result of how water is 
consumed within these areas. In urban areas, portable water is the major source of 
consumption, while rural areas rely on well water, which is not maintained or routinely 
checked like the waters in urban areas (Si & Zhang, n.d.).  As the data shows, there was 
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no significant difference between the age groups, however it can be seen that Tientsin 
province experiences 16.2 times as much fluorosis than the other provinces. All 
participants were affected by fluorosis with 62 percent experiencing very mild to mild 
fluorosis, and 38 percent experiencing moderate to severe fluorosis (Si & Zhang, n.d.). 
 Studies conducted in China show that the country has variable concentrations of 
fluoride. The highest documented concentration of fluoride in drinking water was over 30 
ppm (Quanyong, 2002). With over 40.66 million individuals in China experiencing dental 
fluorosis and 2.60 million experiencing skeletal fluorosis. These findings were alarming 
and researchers suggested that the fluoride content was not just related to the drinking 
water. Two villages were used in a study and the content of fluoride was found to be high 
due to the burning of coal and from the consumption of brick tea and water. Brick tea was 
found to have fluoride levels reaching 1000 ppm, however the consumption of brick tea 
is related to severe skeletal fluorosis. Research on the distributions of brick tea and the 
use of safety stoves to minimize the burning of coal have begun. The wide range of 
fluoride content in various substances in China has encouraged the use of defluoridation 
(Quanyong, 2002).  
In 2001, a collaborative study between United States and Chinese researchers was 
performed to find an appropriate level of fluoride in China to minimize fluorosis. This 
study consisted of over 8,000 Chinese individuals who were over the age of 50 and lived 
in China for at least 25 years (The British Fluoridation Society, n.d.). A medical history 
was taken from each individual, as well as their alcohol and tea consumption. Samples of 
their drinking water was also analyzed to see the levels of different trace elements, which 
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include fluoride, lead, zinc, calcium, etc. The ranges of fluoride concentration ranged 
from 0.25 to 7.97 ppm, however fluorosis was still seen highest in levels with lowest and 
highest ppm (Figure 10) (The British Fluoridation Society, n.d.). 
 
Figure 10. Fluorosis in Relation to Fluoride Concentration in China. Participants 
living around 1 ppm experienced far less fluorosis but had symptoms of hip fractures 
(The British Fluoridation Society, n.d.). Based on these results, the Chinese government 
considers any water source over 1 ppm to be a risk of fluorosis (Connett, 2012a) 
 
India 
In India, the major source of water is from ground water, which can contain up to 
15 ppm (Carroll, 2015). The World Health Organization (WHO) has recommended the 
level of fluoride in drinking water to be around 0.5 to 0.8ppm, suggesting the lower the 
ppm the better the outcome (Arlappa, Qureshi, & R, 2013). Fluorosis is a major problem 
in India and has affected millions, of all ages. This occurs because of the high 
concentration of fluoride in India. India contains 12 of the 85 million tons of fluoride 
deposits in the earth’s crust. This results in nearly 62 million people in India suffering 
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from dental and skeletal fluorosis. It has become an epidemic where nearly every 
individual living in India, regardless of age, has some form of fluorosis (Arlappa et al., 
2013).   
A national survey was performed in 2004 to assess tooth decay in various age 
groups (Bagramian, 2009). The percent prevalence of dental decays of various age groups 
are provided in Table 7. 
Table 7: Prevalence of Dental Caries Reported in India by Age Groups. 
 
 
Age Group % of dental caries 
5 year old children 51.9 
12 year old children 53.8 
15 year old teenagers 63.1 
35-44 year old adults 80.2 
65-74 year old adults 85.0 
 
As the table shows, the percentages of dental decays between ages of 5 to 74 
years old ranged between 51.9 to 85 percent. It can also be noted that the percentages 
increase with increasing age. Due to the incredibly high percentages of dental decays, 
India was required to adjust this crisis by initiating defluoridation programs for their 
waters (Kali, 2006). The National Programme for Prevention and Control of Fluorosis 
was launched in India allowing up to 1.2 ppm levels of fluoride in drinking waters (Kali, 
2006).  However, as of 2014, in 19 States in India have exceeded the allowed ppm levels. 
Thus resulting in more outbreaks of dental fluorosis (Ramachandran, 2014). 
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The United Kingdom 
In 2003, the United Kingdom conducted a frequently performed children’s dental 
health survey, which examines the oral health of 10,381 children in schools, their ages 
ranging from 5 to 15 years old. Surprisingly, there was no statistical change in oral health 
from the 1993 and 2003 surveys (Bagramian, 2009). However, the only differences were 
related to poverty and financial statuses among children who are attending deprived and 
non-deprived schools (Bagramian, 2009). Where over 60 percent of deprived children 
ages 5 to 8 experienced tooth decay when compared to the 40 to 50 percent tooth decay 
in non-deprived children (Bagramian, 2009).  
The survey also observed a parallel relationship between socioeconomic status 
and tooth decay. The four United Kingdom Health Departments, conductors of the 
survey, identified 5-year-old children from professional backgrounds and compared them 
to children from a manual labor background. The children from the professional 
backgrounds had lower percentages of tooth decay than the children from manual labor 
backgrounds (Bagramian, 2009). The percentages of children from professional 
backgrounds had a fairly low percentage of 34 percent in tooth decay on their primary 
teeth.  In comparison to children from manual labor backgrounds, those examined and 
had a higher percentage of 53 percent tooth decay found on their primary teeth 
(Bagramian, 2009). 
A similar survey was done on 15 year old teenagers from different socioeconomic 
backgrounds. Teenagers from professional and manual labor backgrounds experienced 
more tooth decay than children in the same backgrounds. Professional background teens 
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had 47 percent lower incidence, and when compared to teens from manual labor 
backgrounds, they had a 66 percent lower incidence (Bagramian, 2009).This increase in 
percentage could be contributed to easier consumptions of food, alcohol, and tobacco. 
Even though both groups still experienced tooth decay, the severity of tooth decay for 
teens in manual labor backgrounds was much higher and as a result 7 percent of teens had 
to have their teeth extracted due to the severity; as opposed to only 2 percent of teens 
from professional backgrounds needing their teeth extracted (Bagramian, 2009). This 
could also be explained by the extraction procedure being a less expensive and more 
affordable treatment method than other forms of restoration and implants.   
In 2000, The Department of Health and Human Services and The U.S. General 
Accounting Office (GAO) published a report titled Oral Health: Dental Disease Is a 
Chronic Problem Among Low-Income Populations. The report highlighted that children 
living in low-incomes, earning less than $10,000, experienced untreated tooth decay 
when compared to children living in families having an income higher than $35,000 (Dye 
& Thornton-Evans, 2010).  
Furthermore, these studies show that children living in low-income situations 
experienced poor health treatment, which they will continue to experience as they 
continue into adulthood. The report recognized the influence of income and how it 
contributes to tooth decay, but it also emphasizes that different lifestyle factors relating to 
social, economic and cultural factors can affect general health, including tooth decay.  
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Lifestyle Contributes to Oral Health 
An individual’s lifestyle can reflect the attributes of their overall health. Oral 
health has a significant impact on the overall status of one’s health and disease, because 
oral disease may be an early manifestation to other life-threatening diseases such as 
HIV/AIDS, throat cancer, and other oral tissue lesions (Evans et al., 2000). Despite being 
highly preventable, oral diseases are the most widespread chronic issue (Bagramian, 
2009; Evans et al., 2000).  
Chronic diseases are closely related to our lifestyle, which includes diet, 
consumption of alcohol and sugar, hygiene, injuries, stress level, and social economic 
status (Petersen, 2004). A major contribution to overall health is obesity, which is now 
increasingly prevalent in a growing number of developing countries (Childress, 2012). 
Obesity also shows a direct correlation to one’s oral health and explains the high 
percentage of tooth decay in a large number of developed countries, despite the control of 
financial status (Childress, 2012). 
Obesity, which is considered a chronic disease, has become a worldwide concern 
with close to 1.4 billion people being overweight, of which 500 million are obese (WHO, 
2017). Chronic diseases still remain one of the major health problems in most parts of the 
world. Obesity greatly affects one’s oral health, because if left untreated oral health 
impairment will significantly impact one’s life; potentially causing dental fluorosis, other 
chronic diseases, periodontal disease, cancers, heart disease, etc (Nicks, 2014). Obesity 
has shown to influence the amount of tooth decay, because as the overall calorie intake 
increases, the tooth is in contact with food more readily.  
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Although developing countries have shown increasing numbers of people being 
obese and overweight, their levels remain relatively low compared to those in Canada or 
the United States. Table 6 shows the correlation between being overweight and obese in 
women, men, girls, and boys in the United States, Canada, The United Kingdom, Sudan, 
China, and India taken from World Obesity and the International Journal of 
Hypertension. The surveys, which were conducted in 2015 through 2016, show that the 
obesity levels for all four categories in Sudan, China, and India remain lower than the in 
the United States, Canada, and United Kingdom. Shockingly, the United States has the 
highest percentages of overweight and obese individuals in women, men, girls, and boys.  
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Table 8. Percentages of Obesity and Overweight of Women, Men, Girls, and Boys. 
All percentages for The United States, Canada The United Kingdom, China and India 
were taken from World Obesity (“World Obesity Federation | Data,” n.d.). While the 
percentages for Sudan were taken from International Journal of Hypertension (Salman, 
Kirk, & DeBoer, 2010). For Sudan, ages were averaged together in each category.  
 
 
Tooth decay is still occurring in developing countries and increases across all 
socioeconomic classes, which results from the improved access to food and the 
consumption of “western” diets. These percentages of overweight and obese individuals 
in developing countries, according to Time magazine, suggests that the individuals living 
there are able to easily obtain diets rich in meats, fats, and sugars, due to better living 
conditions (Nicks, 2014). Despite the socio-economic improvement, the risk factor for 
obesity increases. An increase in obesity can ultimately lead to more serious chronic 
 The United States Canada United Kingdom Sudan China India 
Women 
Overweight 
28.3 % 
(20+ yrs old) 
23.7% 
(20-69 yrs old) 
30.5% 
(16+ yrs old) 
33% 25.5% 
(20+ yrs 
old) 
9.8% 
(18-69 yrs 
old) 
Women Obese 41.5% 
(20+ yrs old) 
23.5% 
(20-69 yrs old) 
26.6% 
(16+ yrs old) 
26% 11% 
(20+ yrs 
old) 
15% 
(18-69 yrs 
old) 
Men 
Overweight 
37.3% 
(20+ yrs old) 
42.8% 
(20-69 yrs old) 
39.9% 
(16+ yrs old) 
8% 25.7%  
(20+ yrs 
old) 
8% 
(18-69 yrs 
old) 
Men Obese 37.9% 
(20+ yrs old) 
27.65% 
(20-69 yrs old) 
25.7% 
(16+ yrs old) 
4% 11.8% 
(20+ yrs 
old) 
11.3% 
(18-69 yrs 
old) 
Girls 
Overweight 
24.6% 
(5-17 yrs old) 
14.4% 
(3-19 yrs old) 
13.4% 
(2-15 yrs old) 
4.3% 12.2% 
(7-18 yrs 
old) 
14.4% 
(2-17 yrs 
old) 
Girls Obese 19.2% 
(5-17 yrs old) 
10.4% 
(3-19 yrs old) 
16.1% 
(2-15 yrs old) 
9.3% 3.3% 
(7-18 yrs 
old) 
3.9% 
(2-17 yrs 
old) 
Boys 
Overweight 
22.1% 
(5-17 yrs old) 
12.8% 
(3-19 yrs old) 
10.1% 
(2-15 yrs old) 
4.3% 14% (7-18 
yrs old) 
15.2% 
(2-17 yrs 
old) 
Boys Obese 18% 
(5-17 yrs old) 
16.35% 
(3-19 yrs old) 
15.9% 
(2-15 yrs old) 
9.3% 7.9% 
(7-18 yrs 
old) 
5.4% 
(2-17 yrs 
old) 
 49 
 
diseases. Although obesity is more prevalent in developed countries, their advancement 
in healthcare technology and applications, such as fluoridation levels in water, help lessen 
the severity of serious chronic diseases as opposed to other developing countries. 
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CONCLUSION 
Reported studies from the Sudan, China, and India provide strong evidence that 
excess fluoridation does indeed cause detrimental effects to one's teeth, and reveal that 
dental caries is still significant in these developing countries despite less tooth decay 
without fluoridation. Although tooth decay is less, dental fluorosis still increased 
significantly. The studies support the ban of additional fluoride to natural resources in 
many of the countries discussed. As stated, China and India have both banned 
fluoridation due to the naturally high fluoride in water, but both countries still experience 
a high epidemic of skeletal and dental fluorosis (Si and Zhang, B., n.d.; Arlappa, 
Qureshi, 2013); these results suggest the need for further analysis elucidating the 
causative factor responsible for fluorosis.  
The United States, a country that fluoridates its water more than any of the other 
countries combined, experiences a low percentage of 23% dental fluorosis (CDC, 1999). 
However, tooth decay, especially in children, is still the highest occurring chronic disease 
(Bagramian, 2009). The percentages vary significantly when racial background and 
income are taken into consideration. The percentages also show the severity of dental 
fluorosis is dependent upon the exposure of fluoride. Although fluoride has some 
reported negative effects, the United States still continues to fluoridate its water and 
toothpaste, as well as provide fluoride supplements to younger patients, because the CDC 
recommends that communities fluoridate water at a level of 0.7 ppm (Campaign for 
Dental Health, n.d.). Any less fluoride puts teeth and individuals at risk. It is interesting 
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to see why the United States still continues to fluoridate their public water despite there 
being more detrimental effects than there are good. 
Overall the percentages of children and teenagers in low income situations from 
manual labor backgrounds experience a significantly higher percentage of tooth decay 
compared to professional background teenagers and children whose family income is 
higher (Childress, 2012). The reason for higher percentages of tooth decay in low income 
backgrounds could be a result of the high price for dental care or poor oral health 
education. According to an article published by the Frontline,  
“More than 100 million Americans don’t go to the dentist because they 
can’t afford it. Instead, they end up broke, in severe pain and struggling to 
get by. Sometimes they even die” (Childress, 2012).  
 
The article also states that the elderly, low-income families, and racial and ethnic 
minorities are disproportionately affected by tooth decay because they have no access to 
treat this chronic disease, because it is either too expensive to treat or are unaware of the 
importance of dental health (Childress, 2012) .  
The prevalence of obesity increasing worldwide, especially in the United States, 
Canada, and the United Kingdom, increases the conditions of life threatening chronic 
diseases, such as diabetes, heart disease, and cancer. Developing countries obesity levels 
still remain significantly lower than developed countries even though they generally lack 
the infrastructure to treat obesity, because they overlook the importance of dental health; 
therefore, it contributes to the overall health conditions of the body. 
Obesity has become an epidemic worldwide problem because of all the excess 
fats and oils in most westernized food industries and fast foods. Countries such as the 
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United States and the United Kingdom are more overweight, because of fast food chain 
restaurants like McDonald's and psychological craving, which triggers a desire to eat 
more than one should consume. The results of these psychological cravings results in 
excess fat intake, increasing the rate of developing type II diabetes in the United States 
and the United Kingdom.   
When trying to find the solution to this growing problem, it is important to 
determine the factors that influence these cravings, which evidentially lead to obesity. 
The influence of this mindset for developed countries, could be the fact that the kitchen 
always remains the central focus of the household. Unlike the infrastructure of houses in 
developing structures, the kitchen is not attached to any living space, therefore it is not 
the main focus for the household.  
Despite the vast improvement in health, dental health problems such as tooth 
decay and dental fluorosis still persist in many developed and developing countries. 
Tooth decay is one of the most common chronic diseases in the world. Some developed 
countries have tried to decline the high percentages by adding fluoride to their waters. 
This did lessen the percentage of tooth decay, but introduced another more complication 
called dental fluorosis. Developing countries also experience dental fluorosis because of 
the high exposures of fluoride that naturally occur in their waters. 
Through the multiple factors presented: fluoridation, financial status, and lifestyle 
behaviors, they all depict a significant determinant for oral health. Prevalence of obesity 
also correlates to oral health because the increased intake of fats and sugars promotes 
caries development as documented by the steadily increasing weight gain in developed 
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and developing countries. Although medical treatment is more advanced in developed 
countries than most developing countries, tooth decay still exists to be a major problem in 
both.   
Dental care often reflects the condition of one’s overall health. Many individuals, 
predominantly in developing countries, do not value the need for dental care and as a 
result suffer from life threatening diseases. Many reports show the alarming 
consequences of untreated dental care and how multiple lifestyle factors, such as social, 
economic and cultural factors, relate to your wellbeing. Dental care should be treated just 
as importantly as a way to prevent and detect many diseases that can occur throughout 
the whole body.  
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